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(57) Abstract 

PROBLEM TO BE SOLVED: To attain high transparency 
and improve conductivity by printing or applying ink 
composition containing indium tin oxide on the 
transparent resin film before being treated by a calender. 

SOLUTION: A base material polyester(PET) film is 
delivered from a rolling out device 1, and ink 3 having 
indium tin o>cde{ITO) powder mixed in resin is 
transferred on one surface of a transparent resin film 
10 such as PET of the base material via an intaglio 
gravure roller 2. In this instance, excessive ink is 
scraped off by a doctor Wade 4. After that a PET film 
10 is forwarded by a roller 6 to subsequently be dried 
by a dryer 7; then being in close contact with a 
calender roller 8 for giving a calender treatment. 
Following this, it is wound up by a winding up rofler 9. 
ITO-containing ink 3 is prepared in low viscosity to be 
suited for gravure printing. Thus, a thickness of the 
conductive layer becomes thinner, and a transparency of 
the film becomes more excellent. 
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[Title of Invention] 

Method for Production of a Transparent Conductive Resin Film 

[Abstract] 
[Objective] 

To offer a transparent conductive film with higher transparency at a reduced 
producing cost and a production method thereof. 

[Means] 

After a transparent conductive film layer made of an indium tin oxide (ITO) containing 
ink composition has been formed onto a transparent resin film by a gravure printing, a 
calendering process is applied so as to obtain a transparent conductive resin film that 
comprises a transparent conductive film layer at a 0.5 to 2.5 /^m thickness. 

[Claim(s)] 
[Claim 1] 

A method for production of a transparent conductive resin film, characterized in that, 
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after a conductive layer has been formed by printing or applying an ITO containing ink 
composition onto a transparent resin film, a calendering process is applied to this transparent 
film with the conductive layer. 

[Claim 2] 

A method for production of a transparent conductive resin film, characterized in that 
the transparent resin film is as PET resin. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

This invention pertains to transparent conductive resin films that are used for the 
following materials: transparent electrodes which are widely used for electronic members for 
a display purpose and the like; electric static insulating films; IC transparent film wrapping 
materials with an electric static insulating function; infrared ray shielding materials. 

[0002] 
[Prior Art] 

As for the transparent conductive resin film, an ITO film is conventionally used, such 
that ITO is adhered onto a PET resin film by a physical means such as a vapor deposition, a 
sputtering or an ion plating. Either means requires a device at a higher cost. The productivity 



is low. Each one of the means is not suited for obtaining films at a large width at a lower cost. 
As for the method for printing or applying the ITO micropowder containing ink composition, 
the following methods are used: a screen printing; a gravure printing; a bar coater coating; 
a roller coater coating. Since the thickness of the conductive layer of a transparent conductive 
film produced by these methods becomes 1 /xm or larger, the transparency of the obtained 
conductive layer decreases. 

[00031 

[Problem of Prior Art to Be Addressed] 

The present invention aims to offer a method for production of a transparent 
conductive resin film with high transparency at improved conductivity. 

[0004] 

[Measures to Solve the Problem] 

The inventor has found the fact that the purpose is achievable if a thin layer of an ITO 
containing ink composition is formed onto a transparent resin film and if a calendering process 
is applied to this transparent resin film with the thin layer. Based on this finding, the present 
invention is finally attained. More specifically, the producing method for the transparent 
conductive film of the present invention is characterized by the following two aspects: (1) After 
a conductive layer has been formed by printing or applying an ITO containing ink 
composition onto a transparent resin film, a calendering process is applied to this transparent 
film with the conductive layer; (2) The transparent resin film of (1) is made of PET resin at the 



method as disclosed in (1). 

[0005] 
[Effect] 

Unlike films produced by prior art methods, the transparent resin film of the present 
invention has higher transparency and higher conductivity than those of the films. According 
to the producing method of the present invention, the film is formed at once by using a 
continuous high speed gravure printing without applying any post-process for transparent 
electrodes with a specific pattern and circuits. As a result, the process is reduced, and the 
producing cost is significantly reduced. 

[0006] 

[Embodiment of the Invention] 

The embodiment of the present invention is described hereinbelow with reference to 
the drawings. Fig.l is a schematic diagram illustrating a producing device as in an 
embodiment of the present invention. A PET film as a base material is supplied from an 
unwinder 1. Ink 3 with an ITO powder kneaded into resin is transferred onto one surface of 
a transparent PET resin base film 10 via an intaglio gravure roller 2. At the time, excess ink 
is removed by a doctor blade 4 by a sliding means. After this, the PET film is fed with a roller 
6 and then dried with a dryer 7. After the drying, a calendering process is applied to the PET 
film by being pressured with a calendering roller 8. The calendering process applied film is 
finally wound by a winder 9. 
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[0007] 

A commercially available ITO ink is used as ITO containing ink 3 of the present 
invention and is adjusted to a lower viscosity so that it is suited for the gravure printing. The 
following are the components of the ITO containing ink of the present invention: 

- ITO micropowder: 10 to 30 wt% 

- Binder resin: 1 to 6 wt% 

- Solvent: 64 to 89 wt% 

As for the binder, acrylic resin and polyester resin are usually used. When the binder is 
applied onto a transparent resin base film such as PET, polyester resin is more preferably used 
with respect to the adhesiveness to the film. There is no particular limit for the use of dilution 
solvents for adjusting the viscosity. However, the following conventional dilution solvents are 
used for the gravure printing: toluene; xylene; methylethylketone; cyclohexanone. A proper 
viscosity of the ITO containing ink of the present invention is about 10 to 500 centipoise 
(25°C). If the ink viscosity is excessively high, the transferring performance of the ink to the 
transparent base film deteriorates. In order to prevent the deterioration, the viscosity is 
preferably lower. In order to increase the dispersion stability of the ITO micropowder in the 
ink, a dispersing agent such as a surfactant or an additive added for other purposes can be also 
contained. 
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As for a gravure printer used for the present invention, an ordinary grade is used. 
However, when a pattern forming is applied, a machine and a preparation roller at a high 
precision are preferably used. Even though the gravure printing is possible at a high speed, 
it is operated at about 10 to 60 m/min when a printing is applied onto a transparent conductive 
polyester resin film because a limitation is easily given to the printing speed at a drying 
process. The printing is possible at a speed one order faster than that of the conventional 
screen printing. As for the conditions for the dryer, a hot air drying is preferably used. The 
hot air drying is usually applied at 80 to 120 °C for about 0.1 to 3 minutes. If the drying is 
insufficient, the surface resistance of the obtained film increases, and the roller is contaminated 
at the next roller at calendering roller 8. The drying needs to be sufficiently applied so as to 
prevent these problems. Accordingly, a gravure coater with a longer drying zone is more 
suitably used as the gravure printer than a high speed printer which is widely used in the 
printing field. 



[0009] 

The following heating roller conditions are applied at the calendering process: 

- Charge (linear load): 20 to 400 Kg/cm 

- Temperature: 80 to 130 °C 

- Speed: 0.5 to 60 m/min 

The calendering process is applied by an in-line means inside the gravure printer of the 
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embodiment as indicated in Fig,l. However, the calendering process can be also applied to a 
film wherein a conductive layer with a desired pattern is printed onto a base film with an ITO 
containing ink using another gravure printer at another process in advance. The heating roller 
side of the calendering roller is preferably made of stainless steel, and the corresponding roller 
(backup roller) side thereof is preferably made of a heat resistant resin lining. By the 
application of the calendering process, the thickness of the conductive layer becomes thinner, 
and the film transparency further improves. The haze of the film significantly improves, and 
the surface resistance is also reduced by 1/3 to 1/10. The reason for it seems to be that a 
pressure is given to the porous ITO layer whose pores are increased by a quick drying by the 
calendering process so as to improve the transparency and the electrical conductivity. As for 
the drying speed, the slower the drying speed is, the more film transparency improves. A film 
at a lower surface resistance is obtained. However, this operation is not effective in terms of 
the producing process. If a calendering process is applied after the printing as is in the present 
invention even though the high speed drying is applied after the printing, a high performance 
film that is equivalent to a naturally dried film at a normal temperature is achieved. Thus, the 
present invention is extremely valuable in the industry. The conductive layer is formed onto 
the base film applying the ITO containing ink composition by printing it onto the entire 
surface other than printing it at a predetermined pattern. Or, using a coater, the ink can be 
applied onto the entire surface of the base film. The coated film is then dried. A calendering 
process can be finally applied to the dried film. 



[0010] 
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(Embodiment) 

By kneading each raw material of (1), an ITO containing ink composition at an 80 
centipoise viscosity at 25 °C is prepared. 

(1) ITO ink composition 

- Binder (polyester resin) = 3% 

- Solvent (cyclohexanone as a main component) = 80% 

After this, a conductive film made of the ITO containing ink composition at a 
predetermined pattern is formed onto a transparent PET resin base film at the process as 
indicated in Fig.l by using a gravure printing. The conditions for the gravure printing are 
described at (2) and (3): 

(2) Gravure printing 

- Intaglio depth„.30 //m (solid) 

- Effective printing width... 1050 mm 

- Printing speed...40 m/min 

(3) Dryer 

- Drying temperature (Hot air drying type)...100°C 

- Effective device length...20 m 

- Drying speed...40 m/min 
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A transparent conductive resin film is obtained by applying a calendering process to the 
transparent conductive fdm with the conductive film formed at calendering process conditions 
(4), which is composed of the ITO containing ink composition: 

(4) Conditions for the calendering process 

- Charge (linear load): 200 Kg/cm 
-Temperature: 80 °C 

- Speed: 40 m/min 

[0011] 

(Comparative Example) 

A transparent conductive resin film of the comparative example is obtained as similarly 
to the process for the film as in the embodiment except for applying the calendering process 
of conditions (4). As for each film of the embodiment and the comparative example obtained 
as described above, the following parameters are measured: the thickness of the formed ITO 
layer; the haze of the entire film; the total beam transmittance; the parallel beam 
transmittance; the surface resistance of the film. The measuring results are indicated in Table 
1 along with the values of a transparent PET resin film alone, which is used at the time. 

[0012] 



fTable 11 


Embodiment 

(Comparative 

Example) 


ITO layer film 
thickness 

Gum) 


Haze 
(%) 


Total beam 
transmittance 

(%) 


Parallel beam 
transmittance 

(%) 


Surface 

resistance 

(KQ/D) 



9 



Embodiment 


(Please refer to 
the original 
description) 










Comparative 
Example 












Base PET 













[0013] 

As is clear in Table 1, by further applying the calendering roller process, the film as in 
the embodiment of the present has less cloudiness, a higher light transmittance and 
significantly reduced surface resistance, compared to those of the film as in the comparative 
example, which comprises the ITO film formed by using a gravure printing. The embodiment 
uses the gravure printing. However, a similar calendering process effect is identifiable even 
when other printing and coating methods are used. 

[0014] 

[Advantageous Result of the Invention] 

As described above, according to the present invention, a transparent conductive film 
that has a smaller thickness and higher transparency (higher light transmittance) than those 
of the film formed by conventionally printing or coating using the ITO ink composition is 
achieved. In addition to those advantages, the patterning is completed at once, compared to 
the film formed by prior art vapor deposition method. Because of this, the production process 
is simplified. The film is produced at a lower cost and can be suitably used in the displaying 
member field. The usefulness of the film in the industry is significant. 
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[Brief Description of the Invention] 
[Fig.l] 

Fig.l is a schematic diagram illustrating a producing device that is used as in an 
embodiment of the present invention. 

[Description of the Reference Numbers] 

l...Unwinder 

2...Gravure roller 

3...Ink pan (ITO ink) 

4...Doctor blade 

5...Backup roller 

6...RoIler 

7...Dryer 

8...Calendering roller 
9...Winder 
10...PET film 

Translations Branch 

U.S. Patent and Trademark Office 

3/15/02 

Chisato Morohashi 
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